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This paper presents the derivation of expressions for the lattice rotations induced by a tri
angular dislocation ioop in an isotropic, elastic medium, based on the classical displacement
field solution for a triangular dislocation loop. Using the simple example of a triangular dislo
cation loop with one segment of edge character, one segment of screw character and a mixed
character segment, a comparison of the 3D lattice rotation fields with those predicted for
straight, infinitely long 2D dislocations is made. Agreement is excellent.
As an illustration of the utility of the rotation solution, the lattice rotations induced by
a Frank-Read Source are studied at different stages during its evolution. The dislocation
segment positions were computed using the discrete dislocation dynamics code ParaDiS. Post-
processing of the lattice rotation maps in terms of lattice orientation spread reveals preferential
lattice misorientation or streaking which is consistent with the single active slip system in the
simulation. Streaking is a feature frequently observed in micro-diffraction measurements.
The availability of the lattice rotation solution makes it possible to evaluate the lattice
rotations arising from any 3D distribution of dislocation segments. This allows the compu
tation of predicted diffraction patterns from computed dislocation substructures for direct
comparison with experimental measurements. It also makes the inclusion of lattice rotations
into 3D dislocation dynamics codes possible. This effect has thus far been treated as small,
but was shown to be important in 2D dislocation dynamics simulations.
Keywords: here provide 3 to 10 keywords for the article
1. Introduction
The formation of dislocation substructures in FCC metals is well-documented [1—3].
As deformation is applied to a polycrystalline sample, the evolution of dislocation
density is non-uniform within the constituent grains. Dislocations are found to
arrange themselves into cell/wall type structures where high dislocation density
walls separate low dislocation density subgrains [4]. The spatial distribution of
dislocations can be investigated post mortem at high resolution by transmission
electron microscopy (TEM) [5]. However the dislocation dynamics observed by
TEM are not representative of the bulk due to the artefacts arising from the very
thin sections which have to be considered.
X-ray diffraction provides an alternative, powerful tool for the study of dislo
cation substructure formation within individual crystallites embedded in the bulk
of the material. Modern third generation synchrotron x-ray sources allow high
spatial resolution mapping of the relative lattice rotations which arise between ad
jacent subgrains due to the geometrically necessary dislocation (GND) component
of the dislocation population in the cell walls. Reciprocal space mapping (RSM)
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is a technique which is particularly well-suited to this purpose [6] . Diffraction of
a monochromatic x-ray beam is used to map a particular Bragg reflection arising
from a single crystal within the bulk in all three reciprocal space directions. By
tilting the sample, the variation of scattered intensity can be probed as a function
of the scattering vector orientation, and hence the local spread of lattice orientation
deduced. Varying the angular positioning of the detector and sample in a “0 - 20”
type scan changes the length of the scattering vector and allows the determination
of lattice spacing for that particular radial reciprocal space direction. Hence the
elastic strain in this direction can be determined [7].
RSM has been applied to the study of dislocation substructure evolution in a
single grain of copper within a polycrystalline specimen. Maps of intensity projected
onto the tangential reciprocal space directions show that the initially sharp single
reflection from the un-deformed grain breaks up into a number of sharp peaks
superimposed on a background of enhanced intensity [6]. The sharp peaks arise
from individual subgrains, whilst the background of enhanced intensity is due to the
dislocation-rich cell walls. As tensile deformation is applied, the sharp peaks display
dynamic behaviour which corresponds to subgrain rotation. By line profile analysis
of intensity variation in the radial reciprocal space direction, elastic strain within
the dislocation depleted subgrains can be determined. On average dislocation cells
appear to experience compressive elastic strains whilst dislocation walls exhibit
tensile strains [8, 9]. Over longer timescales, a “cleanup” of the dislocation structure
has been observed, with subgrain peaks narrowing in all three reciprocal space
directions, indicating a diffusion of dislocation from the subgrains to the dislocation
rich cell walls. On unloading, the number of subgrain peaks remains the same, which
suggests that the introduced dislocation substructure is stable [10].
Similar variations of diffraction peak shape, due to a spread of lattice orientations
within the scattering volume, have been observed by micro-beam Lane diffraction.
Here a polychromatic X-ray beam with a smooth photon energy spectrum, e.g.
ranging from 5 - 10 keV to 22 -35 keV, is used to illuminate a gauge volume within
a single crystal of a polycrystalline sample placed in reflection geometry [11, 12].
The diffraction pattern consisting of a large number of Laue diffraction spots is
collected on an area detector placed above the sample with a the detector centre
position corresponding to a scattering angle of 20 = 90°. From the ensemble of the
recorded Lane spot positions the lattice orientation and deviatoric elastic strain
tensor averaged over the scattering volume can be determined. During deforma
tion the shape of each Lane spot captures the spread of lattice orientation in the
scattering volume. The misorientation measured by micro-beam Lane diffraction
is the same as that measured by RSM, however at much lower angular resolu
tion. Unlike RSM, micro-beam Lane diffraction does not allow access to the radial
reciprocal space component of the reflection, unless the incident beam energy is
analysed [13]. During deformation of a polycrystalline sample different responses
can be observed in the constituent grains as a function of their lattice orientation.
Lane spots from grains that are unfavorably oriented for slip will show almost no
modification, whilst those arising from grains oriented more favorably for slip may
show some fragmentation or streaking [14]. Streaked patterns can be interpreted
in terms of the lattice rotation arising from a population of edge dislocations on
a particular slip plane. Hence the active slip system can be determined [15]. Dis
continuities within a streak arise due to non-uniformity of the rotation gradient
within the scattering volume, which in turn can be simulated by assuming some
non-uniformity in the distribution of edge dislocations and introducing geometri
cally necessary boundaries (GNBs) [16, 17]. A similar forward modelling approach
has been shown capable of capturing some of the features observed in reciprocal
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space maps of samples with a dislocation cell/wall type substructure [18].
In this type of modelling approach, a dislocation substructure is postulated, a
forward model of the diffraction pattern established arid theii compared to the
experimental diffraction pattern. The postulated dislocation substructure is then
modified so as to achieve the best match with the measured diffraction pattern.
When some non-uniformity is present within the experimental diffraction pattern,
the solution of the underlying dislocation structure is non-unique, i.e. a number of
different possible dislocation arrangements could give rise to the same reciprocal
space map. To gain a deeper physical insight into the underlying dislocation interac
tions which give rise to the formation of dislocation cell/wall patterns, any forward
model that is established has to be based on a physically meaningful mechanical
model.
Recently it has been successfully shown that the peak shape evolution within
individual grains of a polycrystalline Ni sample can be captured successfully by
diffraction post-processing of a crystal plasticity model of the sample geometry
[19]. A limitation of this approach is that it is iiot capable of capturing the effects
of dislocation substructure formation, but rather only the gradual mis-orientations
that arise from smoothly varying dislocation distributions. In order to capture the
effects of non-uniform dislocation arrangements, the prediction of reciprocal space
maps should be carried out based on the dislocation arrangements computed from
dislocation dynamics simulations.
There are a number of different approaches to dislocation dynamics modelling.
Van der Giessen and Needleman [20] have proposed a 2D approach, modelling
deformation by the motion of edge dislocations along discrete predefined slip sys
tems. Dislocations are introduced from a number of randomly distributed sources
and their motion and interaction is governed by a set of constitutive rules. Suitable
boundary conditions are imposed upon the simulation by a finite element model
which provides a continuous stress field superimposed on the dislocation stress field
to produce the total stress field at each time step. This model has been applied
to a wide range of problems from thin films [2 1—23] to nano-indentation [24—27]
and fatigue crack growth [28, 29]. It has also been shown capable of reproducing
grain size dependent Hall-Petch type hardening behaviour[30, 31] and the orien
tation dependance of yield [32]. The great advantage of this approach is that it
is comparatively straightforward to implement and computationally inexpensive.
However it remains very much limited in that it only considers the 2D problem,
although some efforts have gone towards the inclusion of 3D effects [33].
Arsenlis et al. [34—36] proposed an alternative, more general framework for the
modelling of dislocation motion in three dimensions. Dislocations are treated as
line defects moving within an elastic continuum. For the purposes of computation,
each dislocation line is divided into straight segments, each carrying a Burgers vec
tor and connecting 2 nodes. The computation of forces acting on each dislocation
segment is carried out at the nodal points. From these forces the motion of the
dislocation line is computed using a mobility function approach [34, 37]. Disloca
tion core interactions are implemented in the form of a set of constitutive rules
dealing with splitting, recombination and annihilation. This discrete dislocation
dynamics simulation framework has been implementation numerically in the Par
aDiS (Parallel Dislocation Simulator) code. Due to the complexity of the model,
computational efficiency is a very important consideration and the code has been
optimized for the operation on large supercomputing facilities, although simple ex
amples as illustrated below can be run on a normal desktop computer [34]. This
model has been shown capable of generating a very realistic stress strain response
for single crystals [35] and has provided important physical insight into the role
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played by multijunctions in controlling strain hardening [38].
To compute the diffraction patterns from a given 3D dislocation structure, a
solution for the rotation field illduced by a dislocation segment is essential. In this
paper we present the derivation of the rotation field arising from a dislocation
triangle ABC based on the displacement field solution for isotropic elasticity given
by Barnett and Bailuffi [39, 40], which is an adaptation of the solution given by
Hirth and Lothe [41]. For the purposes of validation and illustration the rotation
solution is applied to the simple example of a triangular dislocation loop with one
edge dislocation segment, one screw dislocation segment and one mixed dislocation
segment. Comparison of the edge and screw dislocation fields with the rotation
field induced by aim infinite edge and screw dislocation respectively shows excellent
agreement. Next, the rotation fields arising from a Frank-Read Source at different
stages during its evolution are computed based on dislocation positions calculated
using the ParaDiS dislocation dynamics simulation code. The rotations maps and
the spread of lattice rotations can be linked to the streaking frequently observed
in diffractioii measurements and interpreted in terms of the active slip system(s).
2. Derivation of the analytical expression of rotation due to a triangular
dislocation loop
Following the notation of Barnett and Baliuffi [39, 40], let ABC be a triangular
dislocation loop and P be a field point. RA, RB, R0 denote the vectors from P
to the vertices A, B, C respectively. 2 denotes the solid angle associated with the
triangle ABC, as seen by an observer at P. Then the loop displacement field is
given by
u(P) =
— + FAB + FBC + FCA, (1)
where
(1—2v)
_________
FAB = — (b A tAB) RB + in8ir(1—v)
1
+ (b.flABABAA)AflAB (2)
and
AA A AB (3)
“A A “B
Cyclic interchange of A, B, C in equations (2) and (3) results in expressions for
FBC and FCA. RA, RB, R0 denote the magnitudes of RA, RB, R0 respectively,
and AA, AB, Ac denote unit vectors in the RA, RB, Rc directions respectively.
tAB, tBC, tCA denote unit tangents along AB, BC, CA respectively. ji is Poisson’s
ratio, and b the ioop Burgers vector.
The solid angle ! is given by the equation
= —sgn(AA .N)E. (4)
where N is a unit normal to the ABC plane, chosen such that an observer looking
in the direction —N sees ABC in an anti-clockwise direction. In our calculations
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we define
N=
tABAtBO (5)
tAB A tBCI
The quantity E is computed using the equation
E=4arctanJtan () tan () tan () tan (v), (6)
where a is defined by
a = arccos (AB Ac). (7)
and b and c are obtained by cyclic interchange in equation (7) in the obvious
way. The quantity s is defined as
1
s=(a+b+c). (8)
The aim of the present study is to calculate the derivatives of the loop displace
ment field u(P) with respect to x, y, and z respectively, so that the small rotation
angles can be computed. In the following equations can be replaced by either x,
y or z.
The derivative of FAB is given by
/ 8RB 8RB 8RA 8RA(1—2ii) I +uAJ3 +L B
8(1
— ) RB + RB tAB RA + RA tAB
+ ( - A) A 8flAB + A nAB)
+ 8(11_ (b. ((AB
— AA) A nAB), (9)
where
=(—1OO) (10)
= (0,—1,0), (11)
0,—i). (12)
(13)
RA-RA
14
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and A can be replaced by B or C as appropriate. In equation (13), A denotes
the th component of A. The following derivatives also appear in equation (9).
3lAAAAB
AB
+ sec2
(s _ a)
2 l’s — b+sec
+ sec2 (-f) tan ()
—1
= A A Ac
—1
= Ac A AA
ãc —1
= A A ABI
ía
ía
Ac
/s-a Is—b
tan tan
((AA.AB)) (21)
8s 1 18a ãb 8c’\ (22)
(23)
8(AAAAB)
=A
8(AAAAB)
UAB 8AAA
--
+
--
A AB,
(15)
(16)
(17)8AB — 1 8(AA AAB) (AA AAB) 8AAAAB
—
AAA 8
— AAAABI2
The derivatives of FBc and FcA are obtained by cyclic interchange of A, B, C
in the above equations.
In order to compute the derivative of u(P) it is also necessary to differentiate
the quantity E. This is done as follows.
8E 2 Is—aN Is—bN Is—cN 3ssec çj)tan
2
tan()
tan()
ís-bN (s-c
tan tan I —
\\2) \\2
3(s—a)
3(s—b)
8(s—c)
2 1” lEN÷ sec tan
where
(18)
(19)
(20)
and
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The derivative of is given by
= —sgn (AA . N) 2 (AA N) N) E. (25)
where f denotes the Dirac delta function. Finally, the derivative of u(P) is given
by
3 b 02 0FAB 3FBC 3FCA
+
+
. (26)
where denotes either x or y or z. The lattice rotations at field point P due to
the presence of dislocation ioop ABC are:
1 I3’u 3uy” (27)
1 t3u 3uzN (28)
1 (&u, 3uN
Wz=1””1. (29)2\3x 0y)
where w, WY and w correspond to small rotations about the x, y and z axes
respectively. u, u and ‘u denote respectively the x, y and z components of u.
The elastic strains at field point P are given by:
—
3u
-
—, — —, , 300x 3x 3x
‘UY 3u 3u 311p ãtx 3u
7x +, 7yz+, 7zx=+. (31)
ox oy oy oz oz ox
where e, EYY and e denote the direct elastic strains in the x, y and z direction
respectively, and 7xp, and give the shear strains.
In this paper we will focus on the lattice rotations induced by the presence of
dislocations, as this quantity is most readily measured using high angular resolution
synchrotron X-ray diffraction measurements.
3. Comparison with the analytical 2D lattice rotation solutions
In order to validate the correctness of the above solution for w, w, and w, com
parisons with some simple, two-dimensional cases are made here. The elastic dis
placement field of an infinitely long edge dislocation in an isotropic elastic medium,
running along the z-axis, with Burgers vector of magnitude b along the x-axis is
given by:
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b xy y
ux_j_ =
— I 2 + arctan — , (32)2 2(X2+y2) (1—u) X)
—
— b
(____________
(1_2u)ln(x2+y2)
4(x2+y2)2(1_v) 4(1—u) ) ‘ (
= 0. (34)
The differentiation of these quantities and substitution into equations (27) to
(29) leads to the following expressions for the 2D rotation field:
(35)
(36)
(37)
where i and are the lattice rotations about the x, y and z axis
respectively. Similarly the deformation field for an infinitely long screw dislocation
along the x-axis is given by the following expression:
= arctan , (38)2n \\y)
(39)
T17s = 0. (40)
The differentiation and substitution into equations (27) to (29) leads to the
following expressions for the 2D rotation field:
(41)
YS4ny2+z2
(42)
WzS22. (43)
where
,
and are the lattice rotations about the x, y and z axes
respectively.
In order to test and validate the rotation expressions for a dislocation triangle
ABC, it is instructive to consider a simple example in which pure edge, pure screw
and mixed dislocation elements are present. The simplest structure for which this
can be achieved is the dislocation triangle shown in figure la). Here the dislocation
ioop consists of the three vertices A, B and C, placed at [0, 0, 1000], [0,0,0] and
[1000,0,0] respectively. Assigning a Burgers vector b of [1,0,0], means that the
segment AB is a pure edge dislocation, segment BC a pure screw dislocation and
segment CA a mixed dislocation with both a screw and an edge components.
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Poisson’s ration ii was taken as 0.3.
The length of segment AB is 1000 units, which is large compared to the Burgers
vector magnitude of 1 unit. Hence the rotation field in the center of segment AB
should be comparable to the rotation field of an infinite edge dislocation running
along the z axis, with Burgers vector in the x direction (equations (35) to (37)).
This comparison was carried out along a line from [—20,0.1,500] to [—20,0.1, 500]
“line 1” in figure 1 a). Figure 1 b) shows the variation of w, w, and w along this
plotted with the corresponding variation for an infinite edge dislocation. It can
clearly be seen that w and show very good agreement as anticipated. w1 and
are both zero which is consistent with the values of j and respectively
as expect for an infinite edge dislocation.
Similarly, the length of segment BC of 1000 units is large compared to the Burg
ers vector. Hence the rotation field in the middle of segment BC should be well
matched to the rotation field of an infinite screw dislocation along the x axis (equa
tions (41) to (43)).The rotation field was probed along a line from [500,0.1, —20]
to [500,0.1,20], marked as “line 2” in figure 1 a). Figure 1 c) shows the variation
of W, WY and W along this line. Plotted alongside are and
‘,
the rotations
about the y and z axis for an infinite screw dislocation running along the x axis re
spectively. W and iJ’ show good very good agreement. Likewise WY and ii agree
very closely. The rise at the center of the WY and i3 profiles occurs as “line2”
passes not right through the core of the dislocation at y = 0, but rather runs at
y = 0.1. The W rotation is zero, which is consistent with the solution for an infinite
screw dislocation along the x axis.
Figures 1 d) ,e) and f) show maps of W, WY and Wz rotation respectively, com
puted for the dislocation triangle ABC on an xz plane intersecting the y-axis at
0.1. The map of W1 rotation, figure 1 a), shows that no rotation about this axis
is present in the edge dislocation segment AB or in the screw dislocation segment
BC. This is as expected from the infinite edge and screw dislocation solutions,
Figure 1. Consideration of a simple triangular dislocation loop ABC with Burgers vector b. a) diagram
of the dislocation loop, b) line plot of rotation along “line 1”, showing w, w0, w and c) line plot
of rotation along “line 2”, showing o, w0, w, Js and D7s d), e) and f) show maps of w, Wy and Wz
rotation respectively for the dislocation loop in the xz plane, computed at p = 0.1.
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F
Figure 2. Schematic of a dislocation loop, a) The loop is discretized into dislocation segments. b) for the
computation of rotation each dislocation segment is linked to a virtual point C by two virtual segments to
give a triangular dislocation loop.
equations (35) to (37) and (41) to (43) respectively. It is interesting to note that
the mixed dislocation segment on the other hand has some w rotation component.
Also a local maximum of w rotation is present at point B.
The map of w rotation (figure 1 e)) shows (as expected from the infinite, two-
dimensional edge dislocation solution) that no WY rotation is present in the AB
pure edge dislocation segment. In the pure screw dislocation segment BC, WY some
positive rotation is present close to the dislocation core. This is in good agreement
with the line plot in figure 1 c) and is a result of the mapping plane crossing the
y-axis at y = 0.1, whilst the plane of the dislocation loop ABC crosses the y-axis
at y = 0. In the mixed dislocation segment CA it is interesting to note that no WY
rotation is present.
For this particular dislocation triangle the greatest lattice rotations occur in the
Wz rotation direction (figure 1 f)). As would be expected from the expressions
for iY and equations (37) and (43) respectively, the rotation field about
the edge segment AB is a factor of two greater that the W rotation field of the
screw segment BC. It is reassuring to note that tile rotation field remains well
confined to the dislocation triangle and there do not appear to be any spurious
rotations present. Interestingly the area inside the dislocation triangle experiences
exclusively positive W rotation, whilst the area outside the triangle experiences
exclusively negative Wz rotation. This observation is consistent with the expected
behaviour of the individual dislocation segments when each is considered separately
and compared with tile two dimensional solution for an infinite dislocation.
4. Lattice rotations arising from a Frank-Read Source
With correct functioning of the basic building block confirmed and the rotation
field for a dislocation triangle verified, the rotation fields for more complicated
dislocation structures arising in 3D can be evaluated. Since the material we have
assumed is linearly elastic, superposition can be used to evaluate the total rotation
field W arising from ri dislocation triangles, each giving rise to lattice rotations
where denotes either x, y or z.
WtZWfl. (44)
E
Figure 2 a) shows a dislocation 1oop, discretized into segments and with vertices
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A, B, D, E, F, G and H. Each dislocation segment has a line direction, indicated by
the arrows in figure 2 a) , and a Burgers vector, common to all the segments in the
loop due to conservation of Burgers vector. To evaluate the lattice rotations w, w,
and w for this dislocation loop, one possible strategy is to introduce a virtual node
C. Linking each vertex of the loop to this point allows the generation of a triangular
dislocation loop for each segment. See for example dislocation segment AB in figure
2 a), which is shown as dislocation triangle ABC in figure 2 b). Summing up the
rotation fields from the dislocation triangles arising from each segment and node C
provides the total lattice rotation field for the dislocation ioop. The contributions
from the virtual dislocation lines linking the ioop vertices to C cancel out. This can
be seen clearly in figure 2 b), considering triangles ABC and BDC. Dislocation line
BC in triangle ABC and dislocation line CB in triangle BDC have opposite line
directions. Since both have the same Burgers vector, their net rotations cancel out.
This highlights the importance of closed contours in dislocation loops. Physically a
dislocation cannot end inside the lattice. It must rather terminate at a boundary of
the lattice, which might be a free surface, a grain boundary or some other obstacle
which terminates the lattice. Computationally, a non-closed dislocation loop would
lead to the virtual dislocation segments from the ends of the loop not canceling out,
thus introducing an artificial closure of the loop. Obviously this is not admissible
and hence any dislocation ioop should always be closed.
As an example of dislocation-induced 3D lattice rotations, the rotation field
arising from a Frank-Read Source was considered. The computations to determine
the spatial distribution of dislocation segments were carried out using the ParaDiS
discrete dislocation dynamics code [34]. An FCC crystal was simulated, which
is loaded under uniaxial tension along the 001 crystal axis. A short dislocation
segment with 110 line direction and Burgers vector 011 was introduced on the 111
slip plane. Snapshots were taken of the simulation just as the dislocation line is
starting to bow out (figures 3 a), d) and g)), as the dislocation loop curves around
the two fixed points (figures 3 b), e) and h) and as a complete dislocation ioop
has been formed and the process is about to repeat itself for the emission of the
next dislocation loop (figures 3 c), f) and i)). These three stages will be referred
to as I, II and III respectively.
An obvious difficulty is that in the conventional picture of a Frank-Read Source,
the source segment does not form a closed loop. It is rather assumed that the ends
of the dislocation segment are somehow pinned (e.g. by an obstacle), preventing
them from moving. In our simulations, a dislocation segment running in the 111
direction was attached to each end of the Frank-Read Source segment. At a large
distance from the simulation plane, a linking segment was introduced. This closes
the dislocation loop, whilst, by virtue of being far away from the simulation volume,
not disturbing the pattern of lattice rotations produced by the Frank-Read Source.
Lattice rotations were considered in a plane parallel to the 111 crystal plane,
which, for figures 3 a) - 1) was aligned such that the x-axis was along the 110
direction and the y-axis along the 11 direction. Furthermore, the plane on which
rotations were considered was offset by 0.5 units along the ill direction from the
plane of the Frank-Read Source in order to avoid problems of singularity of solution
which arise in the plane of the dislocation loop.
Figures 3 a), b) and c) show a maps of lattice rotation (in degrees) in the w
direction, i.e. about the 110 lattice axis. A number of interesting features can be
noticed. No artifacts are evident from the virtual dislocations segments which were
introduced for the computations of “dislocation triangle” rotation fields. Lattice ro
tation outside the loop is positive, whilst inside the loop it is consistently negative.
At the fixed ends of the Frank-Read Source loop, where the dislocation line runs
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Figure 3. Plots of lattice rotation computed in the plane of a Frank-Read Source on a 111 plane, with
Burgers vector 011. In the plots, the x-axis direction lies along the 110 direction and the y-axis corresponds
to the 112 crystal direction. The 111 axis is normal to the plane, coming out of the page. a), b) and c)
show plots of w rotations, corresponding to the rotation about the 110 direction, for three stages of the
Frank-Read loop formation. d), e) and f) show the corresponding w0 rotations, which are the rotations
about the 112 crystal direction. g), h) and i) are maps of w rotation, about the 111 crystal axis. In all
cases the plotting plane was located 0.5 units below the plane of the Frank-Read Source. j), k) and 1) show
maps of misorientation in the w and w0 direction for the three stages of evolution of the Frank-Read loop.
perpendicular to the plottiiig plane, tile rotation field decays as expected. In figure
3 c), with one dislocation ioop complete, it can be seen that a similar rotation field
is established for the next dislocation ioop, with positive lattice rotation outside
and negative inside the ioop. This is as expected from the Burgers vector and line
direction configuration. Figures 3 d), e) and f) show maps of lattice rotation in the
WY direction, i.e. about the 112 crystal direction. In this direction lattice rotation
is also positive outside the dislocation loop and negative inside. Figures 3 g), h)
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and i) show maps of lattice rotation in the w direction, i.e. about the crystal 111
direction. As expected, since we are close to the plane of the dislocation ioop, only
little rotation is present in this direction. Interestingly, when zooming into the fixed
ends of the Frank-Read Source segment, which are linked to the long dislocation
segments in the 111 direction to provide loop closure, the typical edge dislocation
rotation field can be seen. The positioning of the positive and negative rotation
lobes is as expected from the Burgers vector and dislocation line directions. These
edge dislocation fields are consistent in figures 3 g), h) and i) and their presence
confirms the correct functioning of the implementation.
In X-ray diffraction measurements it is difficult to resolve the exact spatial dis
tribution of lattice rotations, due to the limited probe sizes available. Spot sizes
of 300nm have become routinely achievable [42] and it is anticipated that smaller
beamsizes (sub-100nm) will be available on a day-to- day basis in future. Due to
these limitations, it is not possible at present to measure the exact spatial distri
bution of lattice orientation; rather only the spread of lattice orientations present
within the probed gauge volume can be assessed. From particular distributions of
lattice orientation within the gauge volume, some conclusions can be drawn about
the local dislocation structure present [6] and the active slip systems deduced [15].
It is instructive to look at the spread of lattice orientations introduced by the
Frank-Read Source under consideration. Figures 3 j), k) and 1) show 2D histograms
of w and w orientation for the different stages of the Frank-Read Source formation
respectively. Each bin in the histogram has a width of 0.010 in both orientation
directions. To highlight the contributions from areas of larger lattice rotation, the
number of counts per bin was normalized against the bin with the largest number
of counts and then plotted on a log scale. This misorientation map corresponds
essentially to the orientation spread which would be seen when projecting a 111
reflection reciprocal space map for this system onto the tangential reciprocal space
directions.
In the misorientation maps a number of interesting features can be seen. The
orientation spread shows distinct streaking, i.e. elongation in the +w/+w to
—w/—w direction. In fact, the streak consists of a number of individual sub-
streaks. The number of sub-streaks increases with the number of dislocation seg
ments as one moves from stage I of the Frank-Read loop to stage II. This suggests
that the sub-streaks are in fact an artifact of the discretization of the dislocation
loop into discrete segments. If infinitesimal dislocation segments were used for the
representation of the Frank-Read ioop, the sub-streaks should merge into one. It
can also be noted that the streaking direction is consistent between figures 3 j),
k) and 1). If the Frank-Read loop were replaced by straight infinite edge dislo
cations, with line direction along the 211 direction, and the same Burgers vector
as the Frank-Read Loop, they would give rise to lattice rotation about the 211
axis. The resulting streaking would be in the same direction in the w, w rotation
space as seen here for the Frank-Read Source. This result supports the validity of
the methodology used in the literature to determine the active slip system from
streaking by considering lattice rotations from a population of infinite, straight
edge dislocations on a slip plane [15]. Finally, it can be noted that, as the Frank
Read loop formation progresses, the spread of lattice orientations in the considered
volume increases, which is as expected due to increase in dislocation density.
5. Conclusions and Outlook
In this paper a method of evaluating the lattice rotations arising from a distribution
of 3D dislocation segments within an isotropic elastic medium has been presented.
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Based on the solution for the displacement field from a triangular dislocation loop
[39—41], expressions for the lattice rotations induced by a triangular dislocation ioop
have been derived. The predicted rotation field for a simple triangular dislocation
ioop was compared with 2D plane strain solutions for infinite, straight edge and
screw dislocations, showing excellent agreement.
Next, the solution was applied to compute the rotation field arising at differ
ent stages during the emission of a dislocation ioop from a Frank-Read Source.
The evolution of the dislocation ioop shape was simulated and the dislocation seg
ment positions computed using the ParaDiS discrete dislocation dynamics code
[34]. The lattice rotation field showed the expected structure. To study the overall
misorientation introduced into the sampling volume by the Frank-Read Source,
2D histograms were plotted of lattice orientation. These show distinct streaking
patterns related to the Burgers vector orientation for the dislocation ioop under
consideration. Furthermore, it could be seen that the streaking increases as the
evolution of the Frank-Read Source progresses, a phenomenon well-known from
experimental investigations.
The solution presented here makes it possible to compute the lattice rotation
fields arising from any arbitrary 3D dislocation arrangements which could be com
puted by discrete dislocation dynamics simulation. The rotation fields can be used
to compute predicted diffraction patterns for direct comparison with experimental
diffraction measurements [18]. This would be particularly useful for the investiga
tion of phenomena such as dislocation substructure formation, where, due to the
limits on the experimental spatial resolution, comparison with simulations should
play an essential role in ensuring correct interpretation and understanding of the
fundamental deformation mechanisms at work. Furthermore, the lattice rotations
could be used to inform discrete dislocation dynamics codes of the local reorienta
tion of slip planes, an effect which thus far in 3D simulations has been assumed to
be small, but was shown to be of importance in two dimensions [43—45].
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